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Summary 
A computer program called INHYD has been developed for  intraply hybrid composite design. This 
report is a users manual for INHYD. INHYD embodies several composite micromechanics theories, 
intraply hybrid composite theories, and  an integrated hygrothermomechanical theory. INHYD  can 
be run in both interactive and  batch modes. It  has considerable flexibility and capability, which the 
user can exercise through several options. These options are demonstrated through appropriate 
INHYD runs in the manual. 
Introduction 
Intraply hybrid composites have been investigated theoretically and experimentally at Lewis over 
the past several  years. Theories developed during these investigations and  corroborated by attendant 
experiments were used to develop a computer program identified as INHYD (INtraply Hybrid 
composite Design). INHYD was  designed to operate in the interactive and batch modes. This report 
is a users manual for  INHYD. 
INHYD includes several composite micromechanics theories, intraply hybrid composite theories, 
and an integrated hygrothermomechanical theory.  Equations  from these theories are used by the 
program as appropriate for the user’s specific applications. The elements and  subroutines in INHYD 
are summarized in appendix A. The capabilities of the INHYD computer code are described in 
appendix B. The symbols used in the  program  are defined in appendix C. Before running INHYD  for 
the first time, the user should read the program capability description in appendix B, which is a 
reproduction of NASA TM-82593 included herein for completeness. 
First, the  manual presents examples for  the interactive mode-for a dry, room-temperature case 
and then for a case with moisture present. Then an interactive case is described, where the  data  are 
preentered as they would be for a  batch case. Next batch cases are described. After following through 
the test  cases  given, a user should be able to use INHYD either in the interactive or batch mode and 
with or without temperature  and moisture effects to predict properties for uniaxial intraply hybrid 
composites. 
INHYD Interactive  Mode 
Ambient  Conditions, Dry 
To  run INHYD, the user must first install and compile the  program  on hidher computer according 
to the system in  use. The  procedure used on the Lewis  Research Center’s UNIVAC 1100 is described 
in detail here by using the  actual computer printout.  Computer  prompt signals are identified with 
upper-case letters. User entries follow the computer symbol >. Appropriate explanatory notes 
follow each printout. 
> @ a 5 3 9 a  i r l h r d .  
READY 
:>@mar I i , ahs 
HAP 30Rl(C1)  S74Tll 04/22/83 11:12:46 ( ->.O)  
> i n   i n h r d .  
>e 1-1 d 
START=012516, F R O G  SIZE(I/D)=10822/4956 
ENU HAP. ERRORS: 0 
SYSS*RLIRS.  LEVEL 
> @ x R t  . a h 5  
INHYD  TO RE RUN  HATCH OR INTERACTIVE  (R/I) x:. 1 
I 
As illustrated,  the user  is prompted by the  computer,  and hidher responses or entries are  the  input 
required for  the  run. 
INHYD  INTERACTIVE  DATA  ENTRY 
SECONDARY COMPOSITE  VOLUME  RATIO 
:. , 2 
The user  selected 0.2 for  the secondary composite volume ratio. 
WHICH  COMPOSITE JJATA TO HE ENTERED ( P / S )  
:::.I) 
The choice was primary (P) or secondary (S); the user  selected primary. 
PROPERTIES TO HE ENTERED  (C/F /M/T)  
:::. f 
The choice was composite (C), fiber (F), dry  matrix (M), or matrix with moisture and  temperature 
effects (T); the user  selected fiber properties for  the  primary  composite. 
1NF'U.T DATA  HEADING ( 1  T D  80 CHARACTERS) 
:,.as g r a p h i t e  
This heading identifies the  primary fiber property  table to be printed  out by the  computer. 
ENTER  THE F I B E R  PROPERTY  VALUES 
EFF ' l   EFP2 GFF'12  G P23  NUFP17 NUFF'23 
: : . + 3 2 e 8 , + 3 e 7 r   . 7 e 7 , . 1 e 7 , . 2 , + 2 5  
CTEFP1  CTEFP2  RHOFPNFP  DIFP  CFP  
:.-.56e-6,.56e-5r.63e-l?.le5~,3e-3?.1~ 
KFP1  KFP2  KFP3  SFPT  SFPC 
:::..58e3~,58e7r.58e2r.4e6.4e6 
Here the user has entered the 17 values for the primary fiber properties that will be used in the 
micromechanics for calculating the primary composite properties. (Entry headings are defined in 
appendix C . )  
PROPERTIES TO HE ENTEREt l   (C /F /M/T )  
::> nI 
Dry matrix (M) was selected. 
I N F U T  D A T A  HEADING ( 1  TO 80 CHARACTERS) 
> 3 5 0 1 - 5 r d r r . 7 0   d e g r e e s  f 
This heading identifies the  primary  matrix  property  table to be  printed out by the  computer. 
ENTER  THE  MATRIX  PROPERTY  VALUES 
EMP GMP NUMP CTEMP RHOMP CMPC 
>.46e6r.1643e6r.4~.32e-4,.443e-1,.25 
KMP SMPT SHPC  SMP   RTAMP DIFMP 
>.125elr.68e4?.363e5~.7e4?.4~.~e-3 
Here  the user has entered the 12 values for  the  primary  matrix  properties  that will be used in the 
micromechanics for calculating the primary composite properties. (Entry headings are defined in 
appendix C.) 
COMPOSITE  HEADING (1 TO 8 0  CHARACTERS) 
::> J 5 / e  
2 
I 
This heading identifies the  primary  composite  property table. Table  entries are  to  be calculated from 
the  primary fiber properties and  primary  matrix properties and tabulated  under this heading. The 
primary composite is AWE (graphite/epoxy). 
ENTER  CONSTITUENT  VOLUME  RATIOS 
F I B E R   M A T R I X   V O I D  
: . .55,  , 4 4 9 . 0 1  
The fiber volume ratio,  matrix volume ratio,  and void  volume ratio  of  the  primary composite are 
entered as desired  by the user. The sum of the  three values  must be 1.0. 
VOID  CONDUCTIVITY 
:. . 1 
The  thermal conductivity of the voids  was chosen as 0.1. 
METHOD FOR CALCULATING  COMPOSITE  PROPERTIES  (H/M) 
>. m 
The user can choose hygrothermomechanical theory (H) or micromechanics theory (M) for 
calculating the primary composite properties. Micromechanics theory was selected since moisture 
and  temperature effects are not being studied. 
WHICH  COMPOSITE  OATA TO BE  NTEREII  (F'/S) 
". 
Now the secondary composite (S) properties will  be calculated from  the fiber and  matrix properties 
about  to be entered below.  Since the  procedure is the same as  that used for  the  primary composite, 
fewer  comments will be required. 
'>. f 
FROPERTIES TO HE ENTEREI I   (C /F /M/T )  
INPUT DATA  HEADING ( 1  TO 80 CHARACTERS) 
:>.5-?31ac,s 
The secondary fiber is S-Glass. 
ENTER  THE F I B E R  PROPERTY  VALUES 
E F S l   E F S 2  GFS12  GFS 3  NUFS12  NUFS23 
:~~.124e8r.129eY,.517e7r.517e7r.2r.2 
CTEFSl   CTEFSZ RHOFS  NFS D I F S  CFSC 
: : . . 2 8 e - 5 r . 2 8 e - 5 r   . 9 e - l ~ + 2 0 4 e 3 r   . 3 6 e - 3 ~ . 1 7  
K F S 1  KFS2  KFS3  FST  SFSC 
:::~+75e1~.75elr.75elr.36e6~.3e6 
PROPERTIES T O  BE  NTERED  (C/F/M/T)  
:. P 
INPUT DATA  HEADING (1 T O  80 CHARACTERS) 
: : > 3 5 0 1 - 5 r d r r r 7 0   d e e r e e s  f 
ENTER  THE  MATRIX  PROPERTY  VALUES 
EMS GMS NUMS CTEMS RHOMS CMSC 
).46e6r.1643e6,.4,.32e-4,.443e-1,.25 
KMS SMST SMSC SMSS BTAMS  UIFMS 
).125e1~.68e4r.363e5,.7~4,,4,,2e-3 
The  same  matrix is  used for  the  secondary composite as was  used for  the  primary one. If desired, a 
different  matrix could be used. 
3 
I 
COMPOSITE  HEADING ( 1  TO 8 0  CHARACTERS) 
>.s-glass/e 
ENTER  CONSTITUENT VOLUME R A T I O S  
F I B E R   M A T R I X   V O I D  
b.55, . 4 4 ,  .01 
VOID  CONDUCTIVITY 
:> , 1 
METHOD FOR CALCULATING  COMPOSITE  PROPERTIES  (H/M) 
:. P 
HYBRID  HEADING ( 1  TO 80 CHARACTERS) 
:~.as/e//e-glass/e,80/20 
This is the heading for  the  hybrid composite table  that will  be calculated. 
METHOD FOR CALCULATING  HYBRID  PROPERTIES (!?/PI) 
.:> r 
The choice is micromechanics theory (M) or rule of mixtures (R); the user selected the rule of 
mixtures. 
The  computer  then lists the headings and properties previously entered by the user for  the fibers (17 
properties) and  matrix (12 properties) of the  primary  composite  in  tabular  form. Next it lists the 
respective  volume ratios  and  the 37 calculated properties for  the  primary  composite  and a table of 














1 4  
1 5  
1 6  
17 
c 
FIBER  PROPERTIES;  AS  GRAPHITE 
E L A S T I C   M O D U L I   E F P l  
E F P 2  
SHEAR  MODULI GFPl2 
POISSON'S   RATI   NUFP12  
GFP23 
NUFP23 




NO. OF FIRERS/END  NFP 
F IBER  D IAMETER 
HEAT  CAF'ACITY 
D I F P  
HEAT  CONDUCTIVITY 
CFPC 
t iFP1  




P R I M A R Y   M A T R I X   P R O P E R T I E S i   3 5 0 1 - 5 r D R Y ~ 7 0  
1 E L A S T I C  MODULUS EMP 
3 
2 SHEAR  MODULUS 
P O I S S O N ' S   R A T I  NUMP 
GMP 
4 THERM. EXP.  CO F. CTEMP 
DENSITY RHOMP 
6 HEAT  CAPACITY CMPC 
7 HEAT  CONDUCTIVITY tiMP 
8 STRENGTHS SMPT 
9 SMPC 
10 SMPS 
11 MOISTURE  COEF BTAMP 
12 D I F F U S I V I T Y  D I F M P  
c 






5 6 0 0 - 0 6  
+ 6 3 0 0 - 0 1  
. 5 6 0 0 - 0 5  
1OOOtO5 
. 5 8 0 0 + 0 3  
17OOtOO 
.5800+02 
, 5 8 0 O t O 2  
.4OOOtO6 
, 4 0 0 O t O 6  
s3000-03 
DEGREES F 
. 4 6 0 0 + 0 6  
. 1 6 4 3 + 0 6  
.4OOOtOO 
, 3 2 0 0 - 0 4  
-4430-01  
. 2 5 O O t O O  




3 6 3 0 t 0 5  
2000-03 
PRIMARY  COMPOSITE  PROPERTIES;  AS/E 
BASED ON MIGROMECHANICS OF INTRAPLY  HYBRID  COMPOSITES: 
E L A S T I C  AND THERHAL  PROPERTIES, 
4 
FIBER  VOLUME  RATIO - ,550 HATRIX  VOLUME  RATIO - ,440 















1 5  























SHEAR  NODULI 
POISSON'S  RATIO 
THERM,  EXP.  COEF. 
DENSITY 
HEAT  CAPAChTY 
HEAT  CONDUCTIVITY 
STRENGTHS 
HOIST.  DIFFUSIUITY 
flOIST. EXP. COEF. 
FLEXURAL  MODULI 
STRENGTHS 
PLY  THICKNESS 
INTERPLY  THICKNESS 
















































































I .2230+06 I .8328+04 1 
I**************************************************************I 
1 
I THEORY I LONGITUDINAL I TRANSVERSE 1 
I BILINEAR 
I SOLUTION I I 1 
I LINEAR  RECTANGULAR I ,223Ot06 I .9737+04 1 
I SOLUTION I I 1 
I NEUTRAL  AXISSH FT I .2230+06 I -9737t04 1 
1**************************************************************1 
I SOLUTION I I 1 
I FRRAROLIC I .2788+06 I .1041+05 1 
I SOLUTION I I 1 
I RECTANGULAR I .3345+06 I ,1249tO5 1 




The longitudinal and transverse flexural strengths listed in the composite  property  table (items 32 and 
33) are calculated by the  parabolic theory. The ply thickness (item 35) is internally set at 0.005 in., 
which is a typical value for  most fiber composites. The ply thickness is  used to calculate flexural 
strength. 
The  computer repeats this  procedure  for the secondary composite-first listing the  data entered by 
the user and  then  tabulating  the 37 calculated properties for  the  secondary  composite (which in  this 
example  is S-Gladepoxy)  and  the flexural strengths. 
5 













































































































SECONDARY COMPOSITE PROPERTIES; S-GCASS/E 
BASED ON MICROMECHANICS OF INTRAPLY HYBRID COMPOSITES: 
ELASTIC A N D  THERMAL PROPERTIES. 
FIBER VOLUME RATIO - ,550  

































POISSON'S R A T I O  






MOIST. EXP. COEF 
FLEXURAL MODULI 
TY 
M A T R I X  VOLUME RATIO - -440 






























































31  STRENGTHS ssc23 .4842tO4 
32 SSClF .2329tO6 
33 SSC2F ,8092t.04 
34 SSCSB .7263tO4 
35 PLY  THICKNESS TSC .5000-02 
36 INTERPLY  THICKNESS PLSC 7020-04 
37 INTERFIBER  SPACING PLSCS ,7020-04 
I**************************************************************I 
I FLEXURAL  STRENGTH I 
I ***************** I 
I THEORY 
I***************~**********************************************I 
I LONGITUDINAL I TRANSVERSE I 
I**************************************************************I 
I BILINEAR I 1864tO6 I ,7114tO4 I 
I**************************************************************I 
I SOLUTION I I  I 
I LINEAR  RECTANGULAR I ,2019t.06 I ,8317tO4 I 
I SOLUTION I I  I 
I**********$***************************************************I 
I NEUTRAL  AXISSH FT I .2019t06 I ,8317t04 I 
I SOLUTION I I  I 
I************$*****************************************~*******I 
I PARABOLIC I .2329+06 I ,8892tO4 I 
I SOLUTION I I I 
I******************~*******************************************I 
I RECTANGULAR I .2795t06 I ,1067t05 I 
I SOLUTION 
I***~**************************************************$*******I 
I  I  I 
Finally the calculated hybrid composite property (35 properties) and hybrid composite flexural 
strength  tables  are  printed out. 
HYBRID  COMPOSITE  PROPERTIES; A C / E / / A  S-GLASS/E,80/20 
RASEtl ON  PREDICTION  OF  PROPERTIES  OF  INTRAPLY  HYBRID  COMPOSITES 
(RULE  OF  MIXTURES). 
PRIMARY  COHPOSITE  VOLUME  RATIO - ,800 































ELASTIC  HODULI 
SHEAR  MODULI 
POISSON’S  RATIO 
THERM.  EXP.  COEF. 
DENSITY 
HEAT  CONDUCTIVITY 
HEAT  CAPACITY 
STRENGTHS 
HOIST,  IlIFFUSIVI 
MOIST.  EXP.  COEF 






























































31 STRENGTHS  SHC23 *5663+04 





35 FIBER  VOL.  RATIO  VFH .55ootoo 
1326t07 
I**************************************************************I 
I FLEXURAL  STRENGTH I 
I ***************** I 
I**************************************************************I 
I THEORY I LONGITUDINAL I TRANSVERSE I 
I BILINEAR 
I**************************************************************~ 
I .2159tO6 I .8085+04 I 
I SOLUTION I I I 
I**************************************************************I 
I LINEAR  RECTANGULAR I .2193+G6 I ,9453i-04 I 
I SOLUTION I I I 
I***********S***$**S*******************************************I 
I NEUTRAL  AXISSH FT I .2193+06 I .9453+04 I 
I SOLUTION I I I 
I**********************~**************$.************************I 
I PARABOLIC 1 ,2690tGt I .1011+05 I 
I SOLUTION 
I****************************************************~*********I 
I I I 
I RECTANGULAR I .3239+06 I .1213$05 I 
I*************l***********************$******************~**$**I 
I SOLUTION I I I 
With Moisture Effects 
An example  for  the  same composite, 80120 AS/E//S-G/E, but with moisture and temperature 
effects is presented below. Only features differing from those explained in the previous “dry” 
example  are  explained. 
:::.@asgra i n h r d .  
READY 
>.@map I i . ah5 
HAP  30Rl(Cl)  S74Tll  04/22/83 11:37:55 ( - > O )  
> . i n   i n h r d .  
>end 
START=012516,  PROG  SIZE(I/D)=10822/4956 
SYS$*RLIBS*  LEVEL 
END HAP. ERRORS: 0 
:.exat . abs 
INHYD  TO  BE  RUN  BATCH  OR  INTERACTIVE  (B/I) 
> i  
INHYD  INTERACTIVE  DATA  ENTRY 
SECONDARY  COHPOSITE  VOLUME  RATIO 
:. , 2 
WHICH  COHPOSITE  DATA  TO  BE  ENTERED ( P / S )  
’,P 
PROPERTIES  TO  BE  ENTERED  (C/F/H/T) 
:r f 
INPUT  DATA  HEADING  (1  TO 80 CHARACTERS) 
> a s  graphite 
8 
I 
ENTER  THE F I B E R  PROPERTY  VALUES 
E F P l   E F P 2  GFP12  GFP 3  NUFP12 NUFP23 
>.32e8,.2e7,.2e7,.le7,.2,.25 
CTEFPl   CTEFP2 RHOFP  NFP D I F P  CFPC 
:~-.56e-6,.56e-5r.63e-l,.le5?.3e-3?.17 
K F P l   K F P 2   K F P 3   S F P T   S F P C  
>.58e3,.58e2,.58e2,.4e6,.4e6 
PROPERTIES TO BE  NTERED  (C/F/M/T)  
>t 
The matrix with moisture and temperature properties (T) was selected. Now additional input is 
needed for  the  matrix. Nineteen entries are needed instead of the 12 required  for  the previous case: 
INPUT  DATA  HEADING (1 TO 80 CHARACTERS) 
>3501-5rwith 2Z m o i s t u r e  
ENTER  THE  MATRIX  PROPERTY  VALUES 
EMP GHP  NUMP CTEMP RHOMP CMPC 
>.46e6,.1643e6r.4,.32e-4,.443e-1,.25 
KMP SMPT SMPC SMPS  BTAMP  DIFMP 
3.125e1,.68e4,.363e5,.7e4,.4,.2e-3 
ENTER  THE  THERMAL/MOISTURE  PROPERTY  VALUES 
TO TGDR  TEMP MOIST ( X )  
> 2 7 3 . ~ 4 6 0 . , 2 9 4 . , 2 . 0  
The first three new entries in the above line are the reference temperature, the glass transition 
temperature of the  resin, and  the use temperature.  Here  they  are  entered  in Kelvin, but  any scale can 
be used since it is a  ratio of differences. If Fahrenheit were used,  the  entries would be 32", 368', and 
70", respectively. The  last  entry is for 2 percent  moisture.  In  addition  the following three  entries  are 
needed: 
KHST  CHST  RHOMST 
>.l,.l,l.O 
These  entries  are  the  conductivity,  the  heat  capacity,  and  the  density  of  the  moisture  substance (s e 
1NHYD.INSTR). 
COMPOSITE  HEADING ( 1  TO 8 0  CHARACTERS) 
>as/e with 2% m o i s t u r e  i n  m a t r i x  
ENTER  CONSTITUENT  VOLUME  RATIOS 
F I B E R   M A T R I X   V O I D  
> . 5 5 r . 4 4 , * 0 1  
VOID  CONDUCTIV ITY 
3.1 
>h 
HETHOD  FOR  CALCULATING  COMPOSITE  PROPERTIES  (H/H) 
Hygrothermomechanical  theory was selected since 2 percent moisture is present in the  matrix. 
UHICH  COHPOSITE  DATA TO BE  NTERED ( P / S )  
>5 
>f 
PROPERTIES TO BE  ENTERED  (C/F /M/T)  
9 
INPUT  DATA  HEADING  (1  TO 80 CHARACTERS) 
>S-SlJSS 
ENTER  THE  FIBER  PROPERTY  VALUES 
EFSl  EFS2  GFS12 GFS23 NUFS12  NUFS23 
).124e8rt124e8r.517e7r.517e7r+2r.2 
CTEFSl  CTEFS2  RHOFS NFS  DIC C 
>128e-5r.28e-5~;9e-1, .204e3r.36e-3r,17 
KFSl  KFS2  KFS3  SFST SFSC
-)~75elr,75elr.75elr.36e6~.3e6 
3 t  
PROPERTIES  TO  BE  ENTERED  (C/F/M/T) 
INPUT  DATA  HEADING  (1  TO 80 CHARACTERS) 
,3501-5 w i t h  2% n o i s t u r e  
ENTER  THE  MATRIX  PROPERTY  VALUES 
EMS  GMS  NUMS CTERHOMS CMSC 
>.46e6r.1643e6r14r.32e-4~.443e-1~,25 
KMS SMST  SMSC SMSS BTAMS  DIF
:..125elrt68e4r.363e5r.7e4r.4r.2e-3 
ENTER  THE  THERMAL/MOISTURE  PROPERTY  VALUES 
TO  TGDR  TEMP  MOIS ( % I  
>273.r460+9294.r2.0 
KMST  CMST  RHO
:~.lr.lrl.o 
COMPOSITE  HEADING  (1  TO 80 CHARACTERS) 
>.s-Sl~ss w i t h  2% m o i s t u r e   i n   m a t r i x  
ENTER CONSTITUENT VOLUME RATIOS 
FIRER  MATRIX  VOIU 
>.55r.44r.01 
VOID  CONDUCTIVITY 
;.1 
METHOD  FOR  CALCULATING  COMPOSITE  PROPERTIES  (HIM) 
>h 
HYBRID  HEADING  (1  TO 80 CHARACTERS) 
>as/e//s-s4/er80/20 w i t h  2% m o i s t u r e   i n   m a t r i x  
METHOD  FOR  CALCULATING  HYBRID  PROPERTIES  (R/M) 
> r  
The choice is rule of mixtures (R) or micromechanical theory (M); the user selected the rule of 
mixtures. 
- 
PRIMARY  FIBER  PROPERTIES;  AS  GRAPHITE 
1 ELASTIC  MODULI 
2 
EFPl 
EFP2  .2OOOtO7 
3 
4 
SHEAR  MODULI  GFPl2 2000t07 
GFP23  .1OOOtO7 




NUFP23  .25ootoo 














DENSITY  RHOFP 
NO. O F  F IBERS/END  NFP 
F I B E R   D I A M E TF P  
HEAT  CAPACITY 
HEAT  CONDUCTIVITY 
CFPC 
K F P l  
K F P 2  
K F P 3  




. 1 o o o t o 5  
3000-03 
1 7 6 O t O O  
5800 t03  
.5800+02 
, 5 8 0 O t O 2  
.4000+06 
.4OOOtO6 
PRIMARY  MATRIX  PROPERTIES;   3501-5rUITH 22 MOISTURE 
REFERENCE  TEMP. - 273.00 
TEST TEMP. - 294.00 
MOISTURE  CONDUCTIVITY - .1000+00 
MOISTURE  DENSITY - .1000+01 
DRY GLASS  TRANS.  TEMP, - 4 6 0 . 0 0  
PCT,  MOISTURE - 2 . 0 0 0  
MOISTURE  H AT  CAPACITY - .1000+00 











1 2  
c 
E L A S T I C  MODULUS 
SHEAR  MODULUS 
P O I S S O N ' S   R 4 T I O  
DENSITY 
HEAT  CAPACITY 
HEAT  CONDUCTIVITY 
STRENGTHS 
THERM. E x r .  COEF. 
MOISTURE COEF 
D I F F U S I U I T Y  












4 6 0 0 t 0 6  
. 1 6 4 3 + 0 6  
.4000+00 
+ 3 2 0 0 - 0 4  
. 4 4 3 0 - 0 1  
.25oo too  
.1250+01 
,680OtO4 
, 3 6 3 O t O 5  
.7OOOtO4 
.4000+00 
. 2 0 0 0 - 0 3  
The  user's  input is  tabulated  in  the  preceding  tables. 
* * * * * * * * * * * * 
NEW PROPERTIES:  CHANGED BECAUSE 
OF TEHPERATURE/MOISTURE  FFECTS 
NEW  GMP 
NEW EMF' , 3 0 6 8 t 0 6  
NEW NUMP 




. 4 7 9 7 - 0 4  
, 4 5 4 7 - 0 1  
NEW CMPC . 3 7 4 8 t O O  
NEW KMP . 1 8 7 4 + 0 1  
NEW SMPT 
NEW SMPC 
, 4 5 3 6 t 0 4  
. 2 4 2 1 + 0 5  
NEW SMPS 
NEW BTAHP 
, 4 6 6 9 t 0 4  
. 4000+00  
NEU  DIFMP 2 0 0 0 - 0 3  
Temperature  and  moisture effects on the  matrix  are  calculated  and  tabulated  by  the  computer  in  the 
preceding  table.  These two tables  are  printed  out  side  by side. 
PRIMARY  COMPOSITE  PHOPERTIESi   AS/E  WITH 2X MOISTURE I N  MATRIX  
BASED ON INTEGRATEt l  THEORY  FOR PREDICTING  THE  HYGROTHERHOHECHANICAL 
RESPONSE OF ADVANCED  COMPOSITE  STRUCTURAL  COMPONENTS. 
F I B E R  VOLUHE  RATIO - , 5 5 0  MATRIX VOLUME R A T I O  - , 4 4 0  
VOID  CONDUCTIV ITY - .lOOOtOO VOID uOLUnE RATIO - ,olo 





, 9 2 7 5 t 0 6  
, 9 2 7 5 i - 0 6  
4 
5 
SHEAR  MODULI GPC 1 2   . 5 1 8 1 + 0 6  

















2 1  
22 
23 
2 4  
25 
26 
2 7  
2 8  
2 9  
30 
31 
3 2  
33 
3 4  
35 
3 6  
37 
POISSON'S   RATIO 
THERM,  EXP.  COEF. 
DENSITY 
HEAT  CAPACITY 
HEAT  CONDUCTIVITY 
STRENGTHS 
M O I S T .   D I F F U S I U I T Y  
MOIST,  EXF.  COEF, 











K P C l  
KPC2 
KPC3 
SPC 1 T 
S P C l C  
SPC2T 
SFC2C 





E P C l F  
EPC2F 
SPC23 




s r c 1 2  
D P C ~  
PLY  THICKNESS 
INTERPLY  THICKNESS  PLPC 
INTERFIBER  SPACING PLPCS 
. 5 1 8 1 + 0 6  
, 2 8 6 O t 0 0  
. 2 8 6 0 + 0 0  
, 6 7 1 1 - 0 1  
- e  1 2 0 8 - 0 6  
, 2 1 4 6 - 0 4  
, 2 1 4 6 - 0 4  
, 5 4 6 6 - 0 1  
.245OtOO 
. 5 4 0 7 t 0 1  
. 5 4 0 7 + 0 1  
, 2 2 2 O t 0 6  
. 1 2 3 1 + 0 6  
. 4 4 7 O t O 4  
+ 2 3 8 6 t 0 5  
, 8 8 0 0 - 0 4  
, 5 1 6 8 - 0 4  
. 5 1 6 8 - 0 4  
3 6 2 0 - 0 2  
1 1 2 6 t O O  
. 1 1 2 6 t 0 0  
, 1 7 7 6 t 0 8  
,9275 t .06  
, 4 6 0 1 t O 4  
. 1 9 8 0 + 0 t  
, 9 4 1 l t 0 4  
, 6 9 0 2 t . 0 4  
.5000-02 
. 5 8 5 0 - 0 4  
, 5 8 5 0 - 0 4  
,3198 t .03  
+ 4 6 0 1 + 0 4  
I**************************************************************I 
I FLEXURAL  STRENGTH 1 
I ***************** 1 
I THEORY 
I**************************************************************I 
I LONGITUDINAL I TRANSVERSE 1 
I***************************************$~**$******************I 
I B I L I N E A R  I , 1 5 8 4 t 0 6  I 7 5 2 9 + 0 4  1 
I SOLUTION I I 1 
I*************************************************************~I 
I LINEAR  RECTANGULAR I . 1 9 3 7 t O 6  I ,8802+04 1 
I SOLUTION I I 1 
I**********************************************************~***I 
I N E U T R A L   A X I S   S H I F  I , 1 9 3 7 t O 6  I . 8 8 0 2 + 0 4  1 
I SOLUTION I I 1 
I*****************************************~******$$************I 
I PARABOLIC I , 1 9 8 O t 0 6  I , 9 4 1 1 t O 4  1 
I SOLUTION I I 1 
I**************************************************************I 
I RECTANGULAR I . 2 3 7 6 + 0 6  I ,1129tO5 1 
I SOLUTION I I 1 
I**************************************************************I 
The  primary composite  flexural  strength  table  concludes  the  primary  composite  calculations.  User 
input  for  the  secondary  composite  is  now  tabulated. 













1 4  
15 
c 
E L A S T I C   M O D U L I  
SHEAR  MODULI 
POISSON'S   RATIO 
THERM. EXP,  COEF, 
DENSITY 
F IBER  t l IAMETER 
NO. OF F I H E R S I E N D  
HEAT  CAPACITY 
HEAT  CONDUCTIVITY 
E F S l  
EFST! 
G F S l Z  
GFS23 
NUFS12 





D I F S  
CFSC 
K F S l  
KFSZ 
KFS3 




.2ooo too  
.2000+00 
. 2 8 0 0 - 0 5  
2 8 0 0 - 0 5  
,9000--01 
3 6 0 0 - 0 3  
, 2 0 4 0 t 0 3  
.17OOtOO 
, 7 5 0 O t O 1  
,750OtO1 
. 7 5 O O t O i  
12 
1 6  STRENGTHS 
17 
SFST 
SFSC  ,300OtO6 
. 3 6 0 0 + 0 6  
SECONDARY  MATRIX  PROPERTIES;   3501-5 E WITH 2% MOISTURE 
REFERENCE TEMP. - 2 7 3 . 0 0  
TEST  TEMP. - 2 9 4 . 0 0  
MOISTURE  CONDUCTIVITY - .lOOOtOO 
MOISTURE  t lENSITY - .1000+01 
DRY GLASS  TRANS.  TEMP. - 460.00 
PCT,  MOISTURE - 2.000 










1 1  
12 
c 







ORIGINAL  MATRIX   PROPERTIES 
SHEAR  MOIIULUS 
POISSON'S   RATIO 
THERM, EXP.  COEF, 
HEAT  CAPACITY 
DENSITY 
STRENGTHS 
HEAT  CONDUCTIVITY 
E L A S T I C  MODULUS 
MOISTURE COEF 












I l I F M S  
NEW F'ROPEHTIES: CHANGED BECAUSE 
OF TEMPERATURE/t?GISTURE  FFECTS 
t4EW GMS 
NEW EM6 . 3 0 6 8 + 0 4  
. 1 0 9 6 t O b  
NEW NUMS . 4 0 O O t 0 0  
NEW CTEMS . 4 7 9 7 - 0 4  
NEW R H O M S  . 4 5 4 7 - 0 1  
NEW L M S C  
NEW K f l 6  






NEW 'SMSS , 4 h S? -). 0 4 
NEW H T A h S   . 4 0 0 0 + 0 0  
NEW D [FMS 2000-03 
, 4 6 0 0 i - 0 6  
+ 1 6 4 3 t O 6  
. 4 o o o t o 0  
. 3 2 @ C - 0 4  
. 4 4 3 0 - 0 i  
.2500t00 
. 6 8 0 0 9 0 4  
I 1 2 5 O t O 1  
.7OOOtO4 
.3630+05 
. 4 o o o t o o  
1000-03 
SECONDARY COMPOSITE  PROPERTIES;  S-GLASS  WITH 2% MOISTURE I N  MATRIX 
BASED ON INTEGRATED  THEORY FOR PREDICTING THE  HYGROTHERM0MEC:HANICAL 
RESPONSE OF ADVANCED  COMPOSITE  STRUCTURAL  COMPONENTS, 
F I B E R  VOLUME R A T I O  - ,550 MATRIX VOLUME R A T I O  - . 4 4 0  













1 4  
15 
17 
1 6  
c 
E L A S T I C   M O D U L I   E S C l  
ESC3 
ESC2 
SHEAR  MODULI  GSC12 
GSC23 
GSC13 
POISSON'S  RATI   NUSC12 
NUSC23 
NUSC13 




HEAT  CAPACITY 
HEAT  CONDUCTIVITY 
csc 












, 3 8 4 0 - 0 5  
+ 1 9 3 2 - 0 4  
. 6 9 5 1 - 0 1  
1 9 3 2 - 0 4  
. 4 9 5 0 + 0 1  
. 2 2 8 9 t O O  





































29 FLEXURAL MODULI ESClF .6981+07 
30 ESCZF 1303t07 





34 SSCSB +6902+04 
35 
36 
FLY THICKNESS TSC 5000-02 
INTERFLY THICKNESS FLSC 




I FLEXURAL STRENGTH 1 
I * * * * * * * * * * * * * * * * X  
I******X*******************************************************I 
1 
I THEORY I LONGITUDINAL I TRANSVERSE 
I*****************************************~**~~****************I 
1 
I B I L I N E A R  I ,1308t06 I ,7529t04 1 
I SOLUTION I I 
I**************XY**************************~***************~~**~ 
1 
I LINEAR RECTANGULAR I ,165Ot06 I + 9802t04 1 
I SOLUTION I I 1 
1**************************************************************1 
I NEUTRAL AXIS SHIFT I . l65OtO6 I ,8802t04 1 
I SOLUTION I I 1 
1**************************************************************1 
I PARABOLIC I .1635+06 I .9411+04 1 
I SOLUTION 




I RECTANGULAR I 1962tO6 I ,1129tO5 1 ~~ 
I SOLUTION I I 1 
I*********~**************************************************~I 
H Y B R I D  COMPOSITE PROPERTIES;  AS/E//S-G/Ev80/20 WITH 2% MOISTURE I N   M A T R I X  
BASE11 ON PREDICTION OF PROPERTIES OF  INTRAPLY H Y B R I D  COMPOSITES 








































































23 MOIST.  DIFFUSIVITY 
24 
25 
26 MOIST.  EXP.  COEF. 
27 
2 8  







































1 FLEXURAL  STRENGTH I 
I ***************** I 
I**************************************************************I 
I THEORY I LONGITUDINAL I TRANSVERSE I 
I HILINEAR 
I**************************************************************I 
I .1530t06 I ,7529tO4 I 
I SOLUTION I I I 
I**************************************************************I 
I LINEAR  R CTANGULAR I 1882i-06 I .8801+04 I 
I SOLUTION I  I 
I********************~*****************************************~ 
I 
I NEUTRAL  AXIS  SHIFT I ,1882tO6 I .8802+04 I 
I SOLUTION I I I 
I**************************************************************I 
I PARAHOLIC I .1911,tO6 I .9411t04 I 
I SOLUTION I I I 
I RECTANGULAR 
I**************************************************************~ 
I 2295t06 I .1129+05 I 
I SOLUTION I I  I 
I**************************************************************I 
Using IATESTZ 
This  method  is  used to check  the  interactive  mode of INHYD. IATEST2  is  a  dataset  that,  when 
called,  automatically  inputs  data  as  the  user  would  enter it point  by  point  in  the  interactive mode. It 




AS GRAPHITE  FIBER 
3 2 ~ E t 0 6 r 2 ~ E t 0 6 s 2 ~ E t 0 6 s l ~ E t 0 6 ~  e2r.25 
- . 56E-06r5 .6E-06r .06r l .E+4r3 .E t4 ,3 .E -O4r~ l7  
580~0r58r0r58~0s40@~EtO~s40O~Et03 
TMAT 
~ 4 6 E t 0 6 s ~ 1 6 4 3 E t 0 6 r ~ 4 s 3 2 ~ E ~ O 6 ~ ~ 4 4 3 E ~ O l s ~ 2 5  








EPOXY  MATRIX -. 3501-5 - 70F - DRY 
S-GLASS  FIHER 







. 5 5 t . 4 5 . 0 . 0  
HTM 
80/20 AS/E//S-G/E 
RULE OF MIXTURES 
EPOXY  MATRIX - 3501-5 -. 70F .- DRY 
1s 
To start a  run,  the  user  must follow this  procedure,  after  logging on a  terminal: 
@ASG. A INHYD 




The computer returns INHYD to be run in the batch or interactive (BA) mode;  the user seleded 
interactive.  Instead of entering  the  secondary  composite  volume  ratio  (which is in  the  dataset),  the 
user  enters ADD INHYD.IATEST2, as shown  here. 
INHYD  INTERACTIVE  DATA  ENTRY 
SECONDARY COHPOSITE  VOLUHE  RATIO 
> @ a d d   i n h r d . i a t e s t . 2  
UHICH  COHPOSITE  DATA TO BE  NTERED  (P /S)  
PROPERTIES TO BE  NTERED  (C/F /H/T)  
INPUT  DATA  HEADING ( 1  TO 8 0  CHARACTERS) 
ENTER  THE  FIBER  PROPERTY  VALUES 
E F P l  E F P 2  GFP12 GFP23  NUFP12  NUFP23 
C T E F P l  CTEFP2 RHOFP NFP 
K F P l  K F P 2  K F P 3  SFPT  SFPC 
D I F P  CFPC 
PROPERTIES TO BE  NTERED  (C/F /H/T)  
INPUT  DATA  HEADING (1  TO 80 CHARACTERS) 
ENTER  THE  HATRIX  PROPERTY  VALUES 
KHP 
EHP 
SHPT  SHPC  SHPS  BTAHP  DIFHP
GMP NUHP  CTEHP RHOMP CMPC 
ENTER  THE  THERHAh/HOISTURE  PROPERTY  VALUES 
TO TGDR TEHP  HOIST ( % )  
COHPOSITE  HEADING (1  TO 80 CHARACTERS) 
ENTER  CONSTITUENT  UOLUHE  RATIOS 
F I B E R   H A T R I X   V O I D  
HETHOD FOR CALCULATING  COHPOSITE  PROPERTIES ( H / M )  
WHICH  COHPOSITE  DATA TO BE  NTERED ( P I S )  
PROPERTIES TO BE  NTERED  (C/F /M/T)  
INPUT  DATA  HEADING (1 TO 8 0  CHARACTERS) 
ENTER  THE  FIBER  PROPERTY  VALUES 
E F S l  E F S 2  GFS12 GFS23 N U F S l 2   N U F S 2 3  
C T E F S l  CTEFS2 RHOFS NFS D I F S  CFSC 
K F S l  K F S 2  K F S 3  SFST SFSC 
PROPERTIES TO BE  NTEREII   (C/F/M/T) 
INPUT  DATA  HEADING (1 TO 8 0  CHARACTERS) 
ENTER  THE  MATRIX  PROPERTY  VALUES 
EHS GHS 
KHS 
NUHS  CTEMS  RHOHS  CHSC 
SHST  SHSC SHSS B T A H S   D I F H S  
ENTER  THE  THERHAL/HOISTURE  PROPERTY  VALUES 
TO TCIDR TEHP  HOIST ( X )  
CONPOSITE  HEADING (1 TO 8 0  CHARACTERS) 
ENTER  CONSTITUENT  VOLUHE  RATIOS 
16 
FIBER  MATRIX   VOID 
METHOD  FOR CALCULATING  COMPOSITE  PROPERTIES  (H/M) 
HYBRID  HEADING ( 1  TO 80 CHARACTERS) 
METHOD  FOR CALCULATING  HYBRID  PROPERTIES  (R /H)  
The computer  then  tabulates  the data taken  from  the  dataset INHYD.IATEST2. This  tabulation is 
done in exactly the same format as is shown for  the example with moisture and  temperature effects 
used earlier and therefore is not listed here. The listing includes the tabulation of the hybrid 
composite properties and  the flexural strengths. 
INHYD Batch Mode 
From Terminal 
The  program is started  as with the interactive mode according to the system in use.  At the Lewis 
Research Center on the UNIVAC 11 10, the following procedure is  used: 
@ASG. A INHYD 





The command selects the  batch mode. Next the user adds a previously prepared dataset  that  contains 
the needed input data in the  form desired. For example, 
@ADD INHYD.DAT1 
The  format of the input data  for running INHYD in a batch mode is shown on  the next  page for 
INHYD.DAT1. The “scale” entries were added to orient the  input data in the  proper columns and 
are not part of the  actual data entry. Each table entry is identified after  the  input table. 
: > @ e d r u   i n h r d . d a t 1  
CASE  UPPER  ASSUMED 
E D I T  




0 . 2 0 E t 0 0  
l:>P 20 
0 . 2 0 E t 0 0  
PRIMARY 
F I B E R  
AS G R A P H I T E   F I B E R  
3 2 . E t 0 6   2 . E t 0 6  
.25 
3. E - 0 4  
- - 5 6 E - 0 6  
4 0 0 . E t 0 3  
.17 
4 0 0 . E t 0 3  
THAT 
EPOXY  MATRIX - 3 5 0 1 - 5  - 7 0 F  
a 4 6 F t 0 6   - 1 6 4 3 E t 0 6  
2 OE-04  
1.25 
4 6 0  t 0 
55 * 4 s  
0 . 4  
.25 
2 7 3 . 0  
5 5 / 4 5   A S / E  
2 . E t 0 6  1 . E t 0 6  
5 . 6 E - 0 6  063 
.2  
1 . E t 0 4  
5 8 0 . 0  5 8 . 0   5 8 . 0  
DRY 
.4  3 2  t E - 0 6  . 4 4 3 E - 0 1  
1 4 . O E t 0 3  3 6 . 3 E t 0 3  1 6  O E M 3  
3 9 4  e 0  0 . 0 0  




F I B E R  
20:)scale 
S-GLASS  FIBER 
123456789012345678901234567890123456789012345678901234567890123456789012 
20:>r 2 0  
S-GLASS  FIBER 
1 2 . 4 E t 0 6   1 2 . 4 E t 0 6   5 . 1 7 E t 0 6   5 . 1 7 E t 0 6  .2 
3 + 6 E - 0 4  
20 
. 3 6 E t 0 6  
TMAT 
EPOXY  MATRIX - 
. 4 6 E t 0 6  
25 
0 . 4  
2 7 3  0 
t55  
55 /45   S -G/E  
HTM 
8 0 / 2 0  AS/E/ /S-G/E 
ROM 
EOF:35   SCANt15  
O:>scale 
2.8E-06 2 t 8 E - 0 6  .09 2 0 4 .  
.17 7.5 7.5 7.5 
. 3 E t 0 6  
3501-5 - 70F - DRY 
. 1 6 4 3 E t 0 6  . 4  32 E - 0 6  4 4 3 E - 0 1  
1 . 2 5  1 4 e O E t 0 3  36 e 3 E t 0 3  1 6 . O E t 0 3  
2,OE-04 
4 6 0 . 0   3 9 4 . 0  0 . 0 0  
4 5  0 . 0  
123456789012345678901234567890123456789012345678901234~67890123456789012 
The entries in the DATl input table (symbols defined in appendix C )  are as follows: 
PRIMARY 
F I B E R  
AS GRAPHITE  F IBER 
E F P l   E F P 2   G F P 1 2  
NUFP23   CTE l   CTEFP2 
D I F P  CFPC K F F 1  
SFPT  SFPC 
TMAT 
EPOXY MATRIX - 3501-5 - 70F 
EMF GMP NUMP 




5 5 / 4 5   A S / E  
FUR MUR V V R  
SECONDARY 
HTM 
F I HER 
S-GLASS  FIBER 
E F S l   E F S 2   G F S 1 2  
NUFS23   CTE l   CTEFS2 
D I F S  CFSC K F S l  
SFST  SFSC 
TMAT 
EPOXY  MATRIX - 3501-5 - 70F 
EMS GMS NUMS 
CMSC KMS SMST 
HTANS  DIFMS 
TO TGDR TEMP 
FUR MUR V V R  
5 5 / 4 5   S - G / E  
HTM 
84/20 AS/E/ /S-G/E 
R O M  
GFP23 NUFP12 
RHOFP NFP 
KFP2 K F P 3  













DATl contains the volume fraction of secondary  composite as  the first data entry; it also has  the 
volumetric proportions  of fiber, resin (matrix), and voids as well as all of  the necessary fiber and 
matrix properties. All of these data  are arranged in the  proper  format so that  the computer  can access 
the  data  and use it to calculate the primary and secondary  composite properties. The  program allows 
for temperature and moisture effects, so the subroutine HTM (which allows for hygrothermo- 
mechanical effects) is  used to calculate the primary and secondary  composite properties. The  hybrid 
composite properties are  then calculated by the rule of mixtures. Of course, any other property values 
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(and headings) desired can  be substituted for those presently contained in the sample data set to make 
it applicable to  any desired intraply hybrid  composite. 
DAT2 is to be  used  if primary  composite properties are known  but  secondary  composite properties 
must  be calculated from fiber and matrix properties; otherwise, it  is similar to  DATl (see  compiled 
listing). DAT3 uses fiber and matrix properties to calculate primary composite properties when 
secondary composite properties are known. DAT4 can be used when primary and secondary 
composite properties are known; it  simply  uses the rule of mixtures to determine  hybrid  composite 
properties. DATS is similar to DATl but with moisture present. Several other examples can be 
obtained by doing  @ADD INHYD.DAT6,7,8,  or  9 instead of @ADD  INHYD.DAT1 as was done 
in the preceding example.  Any  other desired datasets can be made  up by  using the  same  format. 
Using 1NHYD.START results in a set of several sequential computer runs in which such things as 
primary  and  secondary  composite ratios in the hybrid  composite are varied or in which different 
properties for  the  matrix  modulus (for example) are varied to study these effects on  the calculated 
hybrid  composite properties. To make  1NHYD.START run, follow this procedure: 
@ASG.  A  INHYD 
@MAP,  I .ABS 
IN  INHYD. 
END 
@ADD  1NHYD.START 
Initiated by Cards 
The cards needed to initiate an  INHYD  run at Lewis are 
“RUN,  M/TP MSBJS, YOH1965, USERS NAME, 20, 200 
“Run card includes the project number,  the time, and  the  number of  pages allowed  but 
would  vary  with the requirements  of  the  computer center. 
“COL 9000FD 
@ASG.  A  INHYD 
@MAP, I .ABS 





It selects the specific run desired from those on file. 
@COL  1  l00FD 
“FIN 
Concluding Remarks 
This users manual provides step-by-step instructions for using the computer program INHYD 
(INtraply Hybrid composite Design). The instructions are given for  both  the user-interactive mode 
and  the  batch  mode  of  running  INHYD.  The various options  provided in INHYD are demonstrated 
with appropriate  computer  runs.  Data input formats,  sample  computer  outputs,  and  symbol lists are 
included. The general structure, capabilities, and  options of INHYD  are described in an appendix. 
National  Aeronautics and Space  Administration 
Lewis  Research Center 
Cleveland, Ohio,  August 12, 1983 
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Appendix  A 
Elements and Subroutines 
INHYD consists of a number of elements and subroutines; they are listed alphabetically and 
described briefly in this section 
ASD 
CHANGE 1 
CHANGE  2 
CHANGE  3 
CHANGE  4 











17 properties of AS graphite in format to be used in INHYD 
Edits  FIBMT and  COMPP  to remove comment symbols (C) from  three  cards 
(lines) to activate later commands; then calls 1NHYD.COM when FIBMT 
and  COMPP  are used 
Edits 1NHYD.FIBMT and  COMPP,  adding  and removing C’s from several 
lines; then calls 1NHYD.COM 
Identical to CHANGE  1 
Adds  and removes C’s before several lines of FIBMT  and COMPP; then calls 
Adds  and removes C’s before several lines of FIBMT  and COMPP; then calls 
Packs  and prepares INHYD; compiles FIBMT  and COMPP; then initiates 




program (This depends on a UNIVAC control language program  at Lewis 
and would not work at  another computer center.) 
Generates hybrid composite properties based on micromechanics theory 
Batch run of INHYD  for properties of 80/20 AS/E//3501 at 250” F. Calcula- 
tions are made by using hygrothermomechanical (HTM) theory because of 
high-temperature use. 
Calculates hybrid composite properties for 80/20 AS/E//S-Glass/E composite. 
The 37 primary composite properties for  a 55/45 AS graphite/epoxy resin 
composite are read in. The secondary composite properties are calculated by 
FIBMT  from  the S-Glass fiber and 3501 epoxy matrix properties. Then the 
intraply hybrid composite properties are calculated by the rule of mixtures. 
Same as DAT2 except that  the secondary composite properties are read in and 
the  primary composite is calculated by FIBMT from AS graphite  and 3501 
resin properties. The rule of mixtures is used to calculate hybrid composite 
properties. 
Calculates hybrid composite properties for 80/20 AS/E//S-Glass/E directly 
from  the 37 primary composite and 37 secondary composite properties that 
are read in.  The rule of mixtures is used. 
composites. Program degrades matrix properties for the given moisture. 
Primary  and secondary composite properties are calculated by  using FIBMT 
(HTM can be substituted in place of FIBMT). Finally, the 80/20 AS/E//S- 
Glass/E hybrid composite properties are calculated from  the primary and 
secondary composite properties by using COMPP, which  uses the micro- 
mechanics theory. 
Calculates the properties of a uniaxial fibrous  composite  from its fiber and 
matrix properties by using FIBMT 
Calculates the hybrid composite properties for 80/20 HMS/E//S-Glass/E 
directly from  the 37 primary composite and 37 secondary composite 
properties  that are read in. The rule of mixtures is  used. 























Calculates the hybrid composite properties for 80/20 AS/E//S-Glass/E by 
using micromechanics theory.  Input is the fiber and resin properties of the 
constituents. 
Calculates the hybrid composite properties for 80120 AS/E//S-Glass/E.  Input 
is the fiber and resin properties of the constituents. Primary  and secondary 
composite properties are calculated by using micromechanics theory. Hybrid 
composite properties are  then calculated by using the rule of mixtures. No 
temperatures or moisture effects are involved. 
Contains  the 12 properties of an epoxy  resin  in proper  format to be used  by 
INHYD 
Same as EPOXYD  but with a different value for resin modulus 
Contains commands in INHYD  and  END 
Identical to EXE 
Contains fiber and matrix properties for  a 57/43 S-Glass/3501 composite. No 
Calculates primary or secondary composite properties by using micro- 
Calculates and prints the flexural strength of any composite by using  several 
moisture or temperature effects are involved. 
mechanics theory 
theories (bilinear, linear rectangular, neutral axis shift,  parabolic,  and 
rectangular) 
Contains  the 17 properties of HMS graphite fibers 
Calculates primary or secondary composite properties by  using hygrothermo- 
Automatically inputs  data as a user  would enter it in interactive mode for 
mechanical theory 
80/20 AS/E//S-Glass/E hybrid composite; has  temperature  effect; moisture 
effect could be added. 
Automatically inputs data as a user  would enter it  in interactive mode for 
Dataset containing instructions and explanations useful to INHYD user 
Interactively queries user for  input data required for  INHYD in interactive 
Contains  the 17 fiber properties of  Kevlar 49 
To get a listing of INHYD, do @START 1NHYD.LIST. This is not a 
room  temperature,  dry, 80120 AS/E//S-Glass/E hybrid composite 
mode and  then stores it for later use by main program 
compiled listing (see COMPILE). (This depends on  a UNIVAC control 
language program at Lewis and it  would not work at another computer 
center.) This  command is used for listing and compiling convenience only. 
composite properties. Output includes elastic moduli,  shear  moduli, Poisson’s 
ratios,  thermal  and moisture coefficients, and  strengths.  The  equations  are 
based on references 2 to 4 (appendix B). 
Predicts hybrid composite properties based on the rule of mixtures. See ref. 1 
(appendix B). 
This command prints the elements in the file INHYD.; also gives listings of 
the following INHYD subroutines: MAIN, HTM, FIBMT, FLEXX, 
MIXRUL,  and  COMPP. 
This  command, used in the  batch mode, starts a test run  that includes 
INHYDSTART  and INHYD.START2 (see below); it also includes several 
datasets identified as  CHANGES (1 to 5)  (see above). Use care in invoking 
this command;  it results in an  output of about 3000 pages. 
Computes  intraply hybrid properties as well as primary and secondary 
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RUNTESTl Starts 1NHYD.RUN from a terminal but gives listing from the computer high- 
speed printer (does not  complete  run) 
SGD  Has  the 17 properties of S-Glass fibers needed for  determining the properties 
of  a  S-Glasshesin  composite 
START  Causes several sequential computer  uns to be printed out of calculated prop- 
erties of  hybrid  composites with different primary and secondary  composite 
ratios and composites with different fiber makeup 
START2  Same as 1NHYD.START but uses a resin  with different properties (modulus) 
than  START 
TAPE List of  INHYD elements in alphabetical order 
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APPENDIX B 
COMPUTER CODE FOR INTRAPLY HYBRID  COMPOSITE DESIGN* 
C .  C. Chamis  and J. H. S i n c l a i r  
Nat iona l  Aeronaut ics  and  Space A d m i n i s t r a t i o n  
Lewis Research Center 
Cleveland,  Ohio  44135 
ABSTRACT 
A computer program has been developed and i s  d e s c r i b e d  h e r e i n  f o r  i n t r a -  
p ly   hybr id   compos i te   des ign  (INHYD).  The  program inc ludes  severa l   composi te  
mic romechan ics  theor ies ,  in t rap ly  hybr id  compos i te  theor ies ,  and a hygrother-  
momechanical  theory.  These  theories  provide INHYD w i t h  c o n s i d e r a b l e  f l e x i -  
b i l i t y  and c a p a b i l i t y  t h a t  t h e  u s e r  c a n  e x e r c i s e  t h r o u g h  s e v e r a l  a v a i l a b l e  
op t ions .  Key f e a t u r e s  and c a p a b i l i t i e s  o f  I N H Y D  a r e  i l l u s t r a t e d  t h r o u g h  s e l e c -  
t e d  samples. 
INTRODUCTION 
In t rap l y  hyb r id  compos i tes  genera l l y  have two k inds  o f  f ibers  embedded i n  
t h e  m a t r i x .  They  have  evolved as a s t r u c t u r a l  m a t e r i a l  as a l o g i c a l   s e q u e l   t o  
convent ional   composi tes and t o   i n t e r p l y   h y b r i d   c o m p o s i t e s .   I n t r a p l y   h y b r i d  
composi tes have unique features that  can be  used t o  meet d i ve rse  and competing 
design requirements i n  a more c o s t - e f f e c t i v e  way t h a n  e i t h e r  advanced o r  con- 
vent ional   composi tes.  Some o f  t h e   s p e c i f i c   a d v a n t a g e s   o f   i n t r a p l y   h y b r i d s  
over  the const i tuent  composi tes are balanced st rength and s t i f f ness ,  ba lanced  
bending and membrane mechan ica l  p roper t ies ,  ba lanced thermal  d is to r t ion  s ta -  
b i l i t y ,  reduced weight  or  cost ,  improved fa t igue res is tance,  reduced notch 
sens i t i v i t y ,  improved  f rac tu re  toughness  o r  c rack -a r res t i ng  p roper t i es ,  and 
improved  impact  resistance. By us ing   i n t rap l y   hyb r ids ,   t he   des igne r   can  ob- 
t a i n  a v i a b l e  compromise  between  mechanical p r o p e r t i e s  and c o s t  t o  meet speci- 
f i ed  des ign  requ i remen ts  fo r  ae rospace  s t ruc tu res .  
The mechan ica l  behav io r  o f  i n t rap l y  hyb r ids  has  been i n v e s t i g a t e d  a t  t h e  
Lewis   Research   Center   theore t ica l l y  and e x p e r i m e n t a l l y  ( r e f s .  1 t o  3 ) .  The 
t h e o r e t i c a l  methods  and equa t ions  desc r ibed  in  these  re fe rences  toge the r  w i th  
those  fo r  hyg ro the rma l  e f fec ts  ( re f .  4 )  have  been i n t e g r a t e d  i n t o  a computer 
code f o r  p r e d i c t i n g  h y g r a l ,  t h e r m a l ,  and mechanica l  proper t ies of ,  and thereby  
des ign ing ,   in t rap ly   hybr id   compos i tes .   Th is  code i s  i d e n t i f i e d  as INHYD f o r  
INtraply  Hybr id-composi te  Design. The o b j e c t i v e  o f  t h i s  p a p e r  i s  t o  d e s c r i b e  
INHYD w i th  respec t  t o  theo ry ,  equa t ions ,  i npu t ,  ou tpu t ,  and i t s  v a r i o u s  
op t i ons .  
T y p i c a l  i n p u t  f o r  INHYD i n c l u d e s  f i b e r  and res in  p roper t i es  o r  compos i te  p rop -  
e r t i e s ,  volume r a t i o s  o f  t h e  p r i m a r y  and secondary  f i be rs ,  g lass  t rans i t i on  
tempera ture   o f   the   res in ,   mo is tu re ,  and cu re  and use  temperatures.   Typical  
ou tpu t  i nc ludes  mo is tu re  expans ion  coe f f i c i en t ,  t he rma l  expans ion  coe f f i -  
c ien ts ,   modu l i  and s t r e n g t h s  ( i n  p l a n e  and f l e x u r a l ) .   S e l e c t e d  samples o f  
The c a p a b i l i t y  and va r ious  op t i ons  o f  t he  p rog ram a re  b r ie f l y  desc r ibed .  
*This appendix i s  a r e p r i n t  o f  NASA TM-82593. 
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i n p u t  and o u t p u t  a r e  i n c l u d e d  t o  i l l u s t r a t e  t h e  f l e x i b i l i t y  and c a p a b i l i t y  
ofINHYD. Also,   the  p lanned  extens ions and coup l i ngs   w i th   i n teg ra ted   compu te r  
programs are b r i e f l y  d i s c u s s e d .  
INTRAPLY HYBRID GEOMETRY AND DEFINITIONS 
The g e n e r i c  g e o m e t r y  o f  i n t r a p l y  h y b r i d s  i n c l u d e d  i n  INHYD i s  shown sche- 
m a t i c a l l y  i n  f i g u r e  1. The f e a t u r e s  t o  be  noted i n  t h i s  f i g u r e  a r e  as f o l l o w s :  
(1) The schematic shows an e i g h t - p l y ,   u n i d i r e c t i o n a l   i n t r a p l y   h y b r i d .  
Each p l y  c o n s i s t s  o f  p r i m a r y  composi t e  ( b l a n k )  and secondary composite (cross 
hatched). 
t h r o u g h  t h e  t h i c k n e s s  o f  t h e  i n t r a p l y  h y b r i d .  
a l l e l  t o  t h e  f i b e r  d i r e c t i o n ,  2 i s  t a k e n  t r a n s v e r s e  t o  t h e  f i b e r  d i r e c t i o n ,  
and 3 i s  taken  through  the  th ickness.  These coo rd ina te  axes wil be c a l l e d  
t h e   m a t e r i a l  axes. Al p r o p e r t i e s  t o  be  discussed i n  subsequent  sect ions  are 
de f i ned  w i th  numer i ca l  subsc r ip t s  co r respond ing  to  the  ma te r ia l  axes. 
It i s  c l e a r  f r o m  f i g u r e  1 t h a t  an i n t r a p l y  h y b r i d  i s  made b y  l a y i n g  t a p e s  
( tows)  o f  p r imary  compos i te  and tapes ( tows) of  secondary composi te i n  a d e f i -  
n i t e  manner i n  o r d e r  t o  o b t a i n  t h e  d e s i r e d  volume r a t i o s  o f  each. For   pur-  
poses o f  i d e n t i f i c a t i o n ,  t h e  p r i m a r y  c o m p o s i t e  i n  t h e  h y b r i d  i s  t h e  one t h a t  
c o n s t i t u t e s   t h e   l a r g e s t  volume r a t i o .   T h i s  imposes  no l i m i t a t i o n s  on e i t h e r  
t h e  c a p a b i l i t y  o r  f l e x i b i l i t y  o f  INHYD. Another way t o  view an i n t r a p l y  
h y b r i d  i s  t h e  one i n  wh ich  the  cons t i tuent  compos i tes  a re  un i fo rmly  d ispersed 
i n  a t yp i ca l   c ross -sec t i ona l   a rea .  
(2 )  The l o c a t i o n   o f   t h e   s e c o n d a r y   c o m p o s i t e   i s   r e g u l a r  and staggered 
( 3 )  The coord ina te   re fe rence  axes   a re  1, 2, and 3, where 1 i s  taken  par-  
THEORIES INCLUDED I N  I N H Y D  
The t h e o r i e s  programmed i n  INHYD have  been r e p o r t e d  p r e v i o u s l y  and in -  
c lude  (1) r u l e  o f  m i x t u r e s  ( r e f .  l ) ,  ( 2 )  micromechanics  equat ions  for   hygro- 
t h e r m a l  e f f e c t s  ( r e f .  2), and ( 3 )  in t rap ly   hybr id   compos i te   m ic romechan ics  
( r e f .  4) .  Also,   several   equat ions  have been  programmed f o r  p r e d i c t i n g  f l e x -  
u r a l  s t r e n g t h  and through-the-thickness  shear as wil be desc r ibed  la te r .  
These t h e o r i e s  c o n s i s t  o f  e q u a t i o n s  t h a t  p r e d i c t  i n t r a p l y  h y b r i d  c o m p o s i t e  
p r o p e r t i e s  based  on cons t i tuent  compos i te  (p r imary  and secondary)  proper t ies.  
The cons t i t uen t  compos i te  p roper t i es  may i n  t u r n  be predicted by micromechanics 
e q u a t i o n s   u s i n g   f i b e r  and m a t r i x   p r o p e r t i e s .   E s s e n t i a l   f e a t u r e s   o f   t h e s e  
t h e o r i e s   a r e  summarized  below.  The de ta i l ed   de r i va t i ons ,   equa t ions ,  and j u s -  
t i f i c a t i o n s  a r e  f o u n d  i n  t h e  o r i g i n a l  r e f e r e n c e s .  
The ru le -o f -m ix tu res  equa t ions  have  the  fo l l ow ing  fo rm ( re f .  1): 
‘HC = PC PC + vSCpSC V P  
where P denotes  proper ty  and V volume r a t i o .  The s u b s c r i p t  HC denotes 
hybr id   composi te ;  PC, pr imary  composite; and SC, secondary  composite.  Any 
p r o p e r t y  o f  t h e  i n t r a p l y  h y b r i d  c o m p o s i t e  c a n  b e  p r e d i c t e d  b y  u s i n g  
equat ion  (1) when t h e  p r o p e r t i e s  o f  t h e  p r i m a r y  and secondary  composites  have 
been  speci f ied.   Equat ion (I), though o f   s imp le   f o rm,  does s a t i s f y  t h e  t h r e e  
p r i n c i p l e s  o f  mechanics: f o r c e   e q u i l i b r i u m ,   s t r a i n   c o m p a t i b i l i t y ,  and s t ress -  
s t r a i n   r e l a t i o n s h i p s .   E q u a t i o n  (1) p r e d i c t s   v a l u e s   t h a t   a r e   i n  good  agreement 
w i t h  measured d a t a  ( r e f .  1) and w i t h  o t h e r  more s o p h i s t i c a t e d  t h e o r i e s  
( r e f .  2 ) .  Equat ion (1) i s  programmed  as two  subrout ines i n  INHYD: one f o r  
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the  pr imary  compos i te  and  one for  the secondary composi te .  These sub rou t ines  
r e q u i r e   i n p u t   o f   c o n s t i t u e n t   c o m p o s i t e   p r o p e r t i e s .  The i n d i v i d u a l  p r o p e r t i e s  
r e q u i r e d  a r e  summarized i n  l a t e r  s e c t i o n s .  
p r e d i c t i n g  c o m p o s i t e  p r o p e r t i e s  b y  u s i n g  f i b e r  and m a t r i x  p r o p e r t i e s  and by 
accoun t ing   f o r   hyg ro the rma l   e f fec ts .  These equat ions   a re   a lso  programmed i n  
two   d i f f e ren t   sub rou t ines :  one f o r  p r e d i c t i n g  p r i m a r y  c o m p o s i t e  p r o p e r t i e s  
and  one f o r  p r e d i c t i n g  s e c o n d a r y  c o m p o s i t e  p r o p e r t i e s .  C a l l s  t o  t h e s e  sub- 
r o u t i n e s  r e q u i r e  i n p u t s  o f  f i b e r  and m a t r i x  p r o p e r t i e s ,  f i b e r  volume r a t i o ,  
v o i d  volume rat io ,   use  temperature,  and moisture.  The i n d i v i d u a l   p r o p e r t i e s  
needed a r e  d e s c r i b e d  l a t e r .  
The in t rap ly  hybr id  compos i te  mic romechan ics  equat ions  f rom re fe rence 2 
a r e  programmed i n  INHYD. Three  subrout ines  are  used: one  ach f o r  t h e  p r i -  
mary and the secondary const i tuent  composi tes and  one t h a t  combines these two 
i n t o  an i n t r a p l y  h y b r i d .  The f i r s t  t w o  s u b r o u t i n e s  r e q u i r e  f i b e r  and m a t r i x  
p r o p e r t i e s ;  t h e  t h i r d  r e q u i r e s  t h e  p r i m a r y  and secondary composi te propert ies 
p r e d i c t e d  b y  t h e  f i r s t  two. 
f rom un i fo rm response  (due  to  mo is tu re ,  t empera tu re ,  o r  s t ress )  va r ia t i on  
t h r o u g h  t h e  t h i c k n e s s  o f  t h e  i n t r a p l y  h y b r i d .  P r o p e r t i e s  r e s u l t i n g  f r o m  non- 
un i form response var ia t ion through th ickness such as f l e x u r a l  s t r e n g t h  and 
short-beam shear strength are considered i n  t h e  n e x t  s e c t i o n .  
The micromechanics equat ions f rom reference 4 a re  programmed i n  INHYD f o r  
The p r o p e r t i e s  p r e d i c t e d  b y  a l l  o f  t h e s e  t h e o r i e s  a r e  t h o s e  t h a t  r e s u l t  
FLEXURAL PROPERTIES 
The equations programmed f o r  f l e x u r a l  p r o p e r t i e s  i n  INHYD a r e  f o r  f l e x -  
u r a l  s t r e n g t h  a l o n g  t h e  1- and 2 -d i rec t i ons  and t h e  accompanying  shear s t r e n g t h  
i n  t h e  1-3 p l a n e  ( s h o r t  beam shear) i n  f i g u r e  1. Four   d i f f e ren t   equa t ions   a re  
programmed f o r  f l e x u r a l  s t r e n g t h s .  The equations  have  not been repor ted   p re-  
v i o u s l y .  The equat ions  are  readi ly   der ivable  us ing  the  wel l -known  s imple beam 
theory  and assumed s t r e s s  v a r i a t i o n s  t h r o u g h  t h e  beam t h i c k n e s s  a t  f r a c t u r e  
( f i g .  3 ) .  The f o u r  e q u a t i o n s  i n c l u d e d  i n  I N H Y D  were de r i ved  by assuming 
( 1 )  b i l i n e a r  s t r e s s  d i s t r i b u t i o n ;  ( 2 )  p a r a b o l i c  s t r e s s  d i s t r i b u t i o n ;  ( 3 )  
l i n e a r  r e c t a n g u l a r  s t r e s s  v a r i a t i o n ;  and ( 4 )  r e c t a n g u l a r  s t r e s s  d i s t r i b u t i o n  
( f i g .   3 ) .  Al t h e s e   d i s t r i b u t i o n s   a r e   p o s s i b l e   i n   i n t r a p l y   h y b r i d   c o m p o s i t e s  
depending  on t h e i r  c o n s t i t u e n t s .  The s e l e c t i o n s  o f  a s p e c i f i c  e q u a t i o n  r e -  
q u i r e s  u s e r  i n t e r a c t i o n  based  on  measured d a t a  c o r r e l a t i o n .  The d e f a u l t  op- 
t i o n  i n  I N H Y D  i s  t h e  p a r a b o l i c  s t r e s s  d i s t r i b u t i o n .  Al four   equa t ions   a re  
programmed i n  t w o  d i f f e r e n t  s u b r o u t i n e s :  one fo r   t he   p r imary   compos i te  and 
one fo r   the   secondary   compos i te .  The c o r r e s p o n d i n g  f l e x u r a l  s t r e n g t h s  f o r  t n e  
i n t r a p l y  h y b r i d  a r e  c a l c u l a t e d  i n  t h e  same s u b r o u t i n e  f o r  i n t r a p l y  h y b r i d  
micromechanics. 
i s  d e r i v e d  b y  assuming p a r a b o l i c  s h e a r  s t r e s s  v a r i a t i o n .  The i n t e g r a l  o f  t h i s  
p a r a b o l i c  v a r i a t i o n  i s  e q u a t e d  t o  u n i f o r m  i n - p l a n e  s h e a r  t o  o b t a i n  t h e  d e s i r e d  
e q u a t i o n .   T h i s   r e s u l t s   i n   t h e   f o l l o w i n g   s i m p l e   r e l a t i o n s h i p :  The through-the- 
thickness  shear  (short-beam  shear) i s  equal t o  1.5 t imes the corresponding 
in-plane  shear  strength.  The  shor t -beam  shear   s t rength   o f   the   in t rap ly   hybr id  
i s  c a l c u l a t e d  i n  t h e  same subrou t ine  as t h e  f l e x u r a l  s t r e n g t h .  The equat ion  
f o r  p r e d i c t i n g  t h e  short-beam  shear  strength i n  t h e  2-3 p l a n e  ( f i g .  1) i s  sim- 
i l a r ,  b u t  i t  i s  n o t  programmed i n  INHYD. The reason   tha t  i t  i s  n o t  programmed 
i s  t h a t  e x p e r i m e n t a l  d a t a  i n d i c a t e  t h a t  specimens t e s t e d  f o r  t h i s  s h e a r  f a i l  
i n v a r i a b l y  by t r a n s v e r s e  f l e x u r e .  
The  equa t ion  fo r  t he  th rough- the - th i ckness  snear  s t reng th  i n  the  1-3 p lane 
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INHYD COMPUTER PROGRAM STRUCTURE 
The l o g i c  f l o w  o f  t h e  INHYD computer program i s  i l l u s t r a t e d  s c h e m a t i c a l l y  
i n  f i g u r e  2. The theo re t i ca l  f unc t i ons  o f  t he  p rog ram a re  enc losed  w i th  doub le  
l i n e s .  The input ,   in te rmed ia te   ou tpu t ,  and f i n a l   o u t p u t   a r e   e n c l o s e d   w i t h  
s i n g l e  l i n e s .  T y p i c a l  f i n a l  uses o f   t he   ou tpu t   a re   enc losed   w i th  dashed 
l i n e s .  The var ious  micromechanics  theor ies and r e q u i s i t e  s u b r o u t i n e  d e s c r i b e d  
p r e v i o u s l y  a r e  i n c l u d e d  i n  t h e  f i r s t  d o u b l e - l i n e  b l o c k .  Those f o r  p r e d i c t i n g  
t h e  i n t r a p l y  h y b r i d  p r o p e r t i e s  a r e  i n c l u d e d  i n  t h e  second doub le- l ine  b lock .  
The u s e r  c o n t r o l s  INHYD th rough the  main  subrout ine  by  se lec t ing  combina t ions  
o f  t h e  s e v e r a l  a v a i l a b l e  o p t i o n s .  The o p t i o n s  i n  INHYD a re  summarized i n  
t a b l e  I. It i s  c l e a r  f r o m  t a b l e  I tha t  comb ina t ions  o f  op t i ons  can  be spec i -  
f i e d  f o r  t h e o r y ,  h y b r i d ,  i n p u t  p r o p e r t y  s e t s ,  and hygrothermal  e f fects .  
The i n p u t  o f  INHYD i s  summarized i n  t a b l e  11. A sample  user  input  data 
s e t  when t h e  i n t r a p l y  h y b r i d  p r o p e r t i e s  wil be p r e d i c t e d  b y  u s i n g  f i b e r  and 
m a t r i x  p r o p e r t i e s  i s  shown i n  t a b l e  I11 . The f i r s t  s e t  o f  Booleans  are  the 
o p t i o n s  f o r  i n p u t  r e a d - i n  f o r m a t s  and f o r  e n v i r o n m e n t a l  e f f e c t s .  The f i r s t  
l i n e  o f  da ta  i s  the  secondary  compos i te  volume r a t i o .  The  second s e t  o f  
Booleans  speci fy  the  composi te  micromechanics  subrout ines t o  be  used.  The 
alphanumerics  describe  the  primary  composite  system. The n e x t  ( t h i r d )  s e t  o f  
B o o l e a n s  d e f i n e  t h e  f i b e r  p r o p e r t i e s  t h a t  wil be r e a d  i n .  T h i s  s e t  o f  
Booleans i s  f o l l owed  by  the  p r imary  compos i te  f i be r  p roper t i es :  modu l i ,  
Po isson ' s  ra t i os ,  t he rma l  expans ion  coe f f i c i en ts ,  dens i t y ,  number o f  f i b e r s  
pe r  end, f i b e r  d i a m e t e r ,  h e a t  c a p a c i t y ,  h e a t  c o n d u c t i v i t i e s ,  and t e n s i l e  and 
compressive  strengths.  The a lphanumer i c  ca rd  fo l l ow ing  the  f i be r  p roper t i es  
desc r ibes  the  p r imary  compos i te  ma t r i x  and the   env i ronmenta l   cond i t ions .  The 
n e x t  ( f o u r t h )  s e t  o f  B o o l e a n s  s p e c i f y  t h e  m a t r i x  p r o p e r t i e s  t o  be read in .  
These ma t r i x  p roper t i es  a re  modu l i ,  mo is tu re  expans ion  coe f f i c i en t  pe r  pe rcen t  
o f  mo is tu re ,  thermal  expans ion  coef f i c ien ts ,  heat  capac i ty ,  thermal  conduct iv -  
i ty ,  s t rengths  ( tens i le ,   compress ive,  and s h e a r ) ,  m o i s t u r e  d i f f u s i v i t i e s ,  g l a s s  
t rans i t ion  tempera tures ,  re fe rence tempera ture ,  mo is tu re  conten t ,  and volume 
r a t i o s  ( f i b e r ,  m a t r i x ,  and vo id ) .  The d a t a  f o l l o w i n g  a r e  t h e  i n p u t  d a t a  needed 
f o r  t h e  f i b e r  and mat r ix  in  the  secondary  compos i te .  The f o r m a t  f o r  t h e s e  d a t a  
i s  s i m i l a r  t o  t h o s e  ( o n e  f o r  one correspondence) fo r  t he  p r imary  compos i te .  
p o s i t e  f i b e r  p r o p e r t i e s  i s  shown i n  t a b l e  IV and i n  t a b l e  V f o r  t h e  m a t r i x .  
I n  these tab les  the  Boo leans  fo r  the  var ious  program opt ions ,  the  f iber  and 
ma t r i x  t ypes ,  t he  volume r a t i o s ,  and t h e  c o n s t i t u e n t  p r o p e r t i e s  ( w i t h  t h e  c o r -  
responding  program name) are  d isplayed. The reader  can read i l y  match  cor res-  
pond ing  va lues  f rom the  user  input  da ta  ( tab le  111)  and the  compi led  da ta  
( t a b l e s  IV and V). 
INHYD program output  features are summarized i n  t a b l e  VI. A sample out-  
pu t  f o r  t he  p red ic ted  p r imary  compos i te  p roper t i es  (us ing  the  i npu t  da ta  
t a b l e s  IV and V )  i s  i l l u s t r a t e d  i n  t a b l e  VI. The volume r a t i o  v a l u e s  and  37 
p r o p e r t i e s  a r e  l i s t e d  i n  t h i s  t a b l e .  The v a r i o u s  p r o p e r t i e s  a r e  i d e n t i f i e d  b y  
b o t h  name and ass igned   va r iab le   used   i n   t he  program.  Note t h e  f l e x u r a l  p r o p -  
e r t i e s ,  l i n e s  29 t o  34. N o t e  a l s o  t h e  p l y  t h i c k n e s s  ( l i n e  3 5 ) ,  t h e  i n t e r p l y  
t h i c k n e s s  ( l i n e  361,  and t h e  i n t e r f i b e r  s p a c i n g  ( l i n e  3 7 ) .  The f o r m a t  f o r  t h e  
outputs  of  the secondary composi te  and f o r  t h e  i n t r a p l y  h y b r i d  a r e  s i m i l a r  t o  
t h a t  f o r  t h e  p r i m a r y  ( t a b l e  V I I ) .  
Fo rmat ted  ou tpu t  ( comp i led  da ta )  o f  t he  i npu t  da ta  fo r  t he  p r imary  com- 
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INHYD PROGRAM CAPABILITY - ILLUSTRATED  EXAMPLES 
The INHYD p r o g r a m  c a p a b i l i t y  and f l e x i b i l i t y  i s  i l l u s t r a t e d ,  i n  p a r t ,  
w i t h  t y p i c a l  examples.  The e f f e c t s o o f  h y b r i d i z a t i o n  on s e l e c t e d   p r o p e r t i e s  
a re  summarized i n  t a b l e  VI11 f o r  70 F, d ry   env i ronmenta l   cond i t ions .  The 
p r o p e r t i e s  shown i n  t h i s  t a b l e  were p r e d i c t e d  b y  u s i n g  t h e  u s e r  i n p u t  d a t a  i n  
t a b l e  111. Corresponding  proper t ies  for   the  pr imary,   the  secondary,  and t h e  
i n t r a p l y  h y b r i d  c o m p o s i t e  a r e  summarized.  Corresponding  propert ies  for   the 
pr imary  compos i te  a re  the  same as those i n  t a b l e  VI. 
The thermal degradat ion,  due t o  h i g h  t e m p e r a t u r e ,  i n  t h e  p r o p e r t i e s  o f  
t w o  i n t r a p l y  h y b r i d s  (AS/E//S-G/E and (AS/E//KEV/E) i s  i l l u s t r a t e d  i n  t a b l e  
I X .  It i s  i n s t r u c t i v e  t o  n o t e  i n  t h i s  t a b l e  t h a t  t h e  t h e r m a l  d e g r a d a t i o n  i s  
i n s i g n i f i c a n t  i n  l o n g i t u d i n a l  p r o p e r t i e s  ( e x c e p t  l o n g i t u d i n a l  c o m p r e s s i v e  
s t r e n g t h ) .  However, the  thermal   degradat ion i s   c o n s i d e r a b l e   ( a b o u t  30 pe rcen t )  
f o r  t r a n s v e r s e  and shear  p roper t ies  and f o r  l o n g i t u d i n a l  c o m p r e s s i v e  s t r e n g t h .  
p l y  h y b r i d  i s  i l l u s t r a t e d  i n  t a k l e  X. The hygrothermal  environments  are 70 F 
w i t h  1 percen t   mo is tu re  and 250 F w i t h  1 percent  moisture.   Again,   the  hygro- 
thermal   degradat ion i s  i n s i g n i f i c a n t  f o r  t h e  l o n g i t u d i n a l  p r o p e r t i e s ,  e x c e p t  
f o r  t h e  l o n g i t u d i n a l  c o m p r e s s i v e  s t r e n g t h .  On t h e  o t h e r  hand t h e  1 percent  
mo is tu re  degrades  the  t ransverse  and shear  p roper t ies  and t h e  l o n g i t u d i n a l  
compress iveost rength about  10 p e r c e n t  f o r  t h e  70 F case and about 30 percent  
f o r  t h e  250 F case. 
The hygrothermal degradat ion i n  t h e  p r o p e r t i e s  o f  t h e  AS/E/ /S-G/E i n t r $ -  
I N H Y D  EXTENSIONS AND COUPLING 
The p r o p e r t i e s  p r e d i c t e d  b y  INHYD d e s c r i b e d  p r e v i o u s l y  c o n s t i t u t e  o n l y  t h e  
f i r s t  p a r t  o f  INHYD. The program  can  be r e a d i l y  e x t e n d e d  t o  p r e d i c t  o t h e r  
p r o p e r t i e s  o f  i n t r a p l y  h y b r i d s  such as impact   res is tance and f a t i g u e .  I n  a d d i -  
t i o n  i t  can be made a p a r t  o f  o r  c o u p l e d  w i t h  i n t e g r a t e d  programs f o r  s p e c i a l  
o r   g e n e r a l   s t r u c t u r a l   a n a l y s i s .  The near- fu ture  p lanned  extens ions and cou- 
p l i n g s  w i t h  o t h e r  p r o g r a m s  a r e  summarized i n  t a b l e  X I .  The t h e o r y  f o r  i m p a c t  
r e s i s t a n c e  i n  r e f e r e n c e  5 wil be  used. The t h e o r y  f o r  f a t i g u e  r e s i s t a n c e  i s  
present ly under development and wil be r e p o r t e d  i n  t h e  ASTM 6th Conference on 
Composi te   Mater ia ls :   Test ing and Design, May 1981. INHYD wil be  coupled  wi th  
an in-house  laminate  analysis  code (MFCA, r e f .   6 ) .  It wil a l s o  be coupled 
with  three  integrated  computer  programs  under  in-house  development: CODSTRAN - 
C o m p o s i t e  D u r a b i l i t y  S t r u c t u r a l  A n a l y s i s  ( r e f .  7 ) ;  COBSTRAN - Composite  Blade 
S t r u c t u r a l  A n a l y s i s  ( r e f .  8); and CISTRAN - Composi te Impact Structural  
A n a l y s i s  ( r e f .  9). 
CONCLUSIONS 
A 
e rti es 
i n  t h e  
h y b r i d  
gram w 
computer program c a l l e d  INHYD has been developed t o  p r e d i c t  t h e  p r o p -  
o f  u n i d i r e c t i o n a l  i n t r a p l y  h y b r i d  c o m p o s i t e s  and, t h e r e f o r e ,  t o  a s s i s t  
design  of   these  hybr ids.   Several   composi te  micromechanics and i n t r a p l y  
t h e o r i e s  and  a hygrothermal mechanical  theory i n  INHYD p rov ide  the  p ro -  
i t h  c o n s i d e r a b l e  f l e x i b i l i t y  t h a t  t h e  u s e r  e x e r c i s e s  t h r o u g h  combina- 
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tions of options. These options control the input data, fiber and matrix, 
unidirectional composite or combinations, the output, and the theory. Selected 
samples illustrate key features and capabilities of INHYD. INHYD  provides the 
designer or analyst  with a convenient  analytical means to  investigate  several 
intraply  hybrids  during the preliminary  design  phases.  INHYD  can  also  be  used 
to  guide, and therefore keep  to a minimum,  required  characterization  of  intra- 
ply hybrids. 
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Figure 3. - Geometry, force, and stress distributions for estimating flexural strength. 
TABLE I. - PROGRAM OPTIONS 
S e l e c t s  t h e o r y  t o  be used 
Hybr id  o r  conven t iona l  compos i te  
Types o f  p r o p e r t y  i n p u t s  
Composi te  proper t ies 
C o n s t i t u e n t  p r o p e r t i e s  
Combinations 
Hygro the rma l   e f fec ts  
TABLE 11. - PROGRAM INPUT 
User  opt ions 
C o n s t i t u e n t  p r o p e r t i e s  ( f i b e r ,  m a t r i x )  o r  p r o p e r t i e s  
o f  p r i m a r y  and secondary composites or combinations 
F i b e r  v o l u m e  r a t i o ,  v o i d  volume r a t i o  
Pr imary  compos i te  ra t io ,  secondary  compos i te  ra t io  
Temperature,  moisture 
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TABLE 111. - USER INPUT DATA 
1 * E t 0 6  8 2  
0 6 3  1 E t 0 4  
5 8 . 0  5 8 . 0  










AS GRAPHITE  FIBER 
3 2  E t 0 6  2 . E t 0 6  2 . E t 0 6  
25 - * 56E-06 5 6E-06 
3 E-04 .17 5 8 0 . 0  
4 0 0 r E t 0 3   4 0 0 . E t 3  





46E+06 1 6 4 3 E t 0 6  
. 2 5  1 a 2 5  
0 . 4  2 + OE-04 
460  r O  394.0 







1 2 . 4 E t 0 6  12 e 4 E t 0 6  5 e 1 7 E t 0 6  5 1 7 E t 0 6  
. 2 0  2 8E-06 2 8E-06 0 9  
3 9 6E-04 0 1 7  7 .5  7.5 
e 3 6 E t 0 6  e 3 E t 0 6  
EPOXY M A T R I X  - ~ 5 0 1 - 5  - 2 5 0 ~  - m y  
$ 4  32  E-06  ,443E-31 
6 8 E t 0 3  3 6 . 3 E t 0 3  7 E t 0 3  
0 . 0  
0 . 0  
204 
. 2  
7.5 
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TABLE IV. - COMPILED DATA - F I B E R  
vsc= . 2 o o t o o  
HRUL= T PHTHP= T SHTHP= T 
PRIH= T 
C O W =  F FIBER= T HAT= F THAT= F 
PRIMARY FIBER  PROPERTIES 














1 4  
15 
16 
1 7  
ELASTIC  HODULI 
SHEAR HODULI 
POISSON'S  RATIO 
THERH. EXP. COEF. 
DENSITY 
NO. OF FIBERS/END 
























. 1000+07  
.2oootoo  
, 2 5 0 0 + 0 0  
e 5600-06 
5600-05  
6 3 0 0 - 0 1  
.1oooto5  
3 0 0 0 - 0 3  
17OOtOO 
.58OOtO3 




TABLE V. - COMPILED DATA - MATRIX 
COHP= F FIBER= F HAT= F THAT= T 
PRIHARY  HATRIX  PROPERTIES 
EPOXY HATRIX - 3501-5 - 25OF - DRY 
TGDR= t 4600t03 T= ,394OtO3 














SHEAR  MODULUS 




THERH. EXP. COEF. 
HEAT CONDUCTIVITY 
HOISTURE COEF 













H =  
, 4 6 0 O t 0 6  
1 6 4 3 t O 6  
4 0 0 0 + 0 0  
,3200-04  
,4430-01  
. 2 5 o o t o o  
125o to1  
, 6 8 0 O t 0 4  
,363Ot05 
, 7 0 0 O t 0 4  
4000t00 
a 2 0 0 6 - 0 3  
* 0000 
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TABLE VI. - OUTPUT 
PRIMARY  AN0 SECONDARY COMPOSITE PROPERTIES 
3 EACH, ELASTIC MODULI, SHEAR MODULI, POISSON'S RATIOS, THERM. EXP.  COEF. 
DENSITY,  HEAT CAPACITY 
3 HEAT CONDUCTIVITIES, 5 IN-PLANE STRENGTHS 
3 EACH, MOISTURE OIFFUSIVITIES  AND MOISTURE EXPANSION COEFS. 
2 FLEXURAL MODULI 
4 THROUGH-THE-THICKNESS STRENGTHS 
PLY  THICKNESS, INTERPLY THICKNESS, INTERFIBER SPACING 
INTRAPLY HYBRID COMPOSITE PROPERTIES 
SAME  AS ABOVE EXCEPT FOR LAST LINE PLUS COMPOSITE FIBER VOLUME RATIO 
TABLE VII. - TYPICAL COMPUTER OUTPUT OF INTRAPLY HYBRID PROPERTIES 
PRIMARY  COMPOSITE  PROPERTIES 












1 3  
12 








2 3  
2 2  
24 
25 
2 6  
27 
2 0  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
35 
36 
3 7  
ELASTIC  UOUULI 
SHEAR UODULI 
POISSON'S R A T I O  
THERM. EXF. COEF. 
DENSITY 
HEAT  CONDUCTIVITY 
HEAT C A F A C I T Y  
STRENGTHS 
HOIST.   D IFFUSIV ITY 
FLEXURAL  MODULI 
STRENGTHS 
FLY  THICKNESS 
IHTEkFIbER  SFACING 







































V V F =  
.1780+08 
1 0 3 4 + 0 7  
. 1 0 3 4 + 0 7  
. 4 1 4 0 + 0 6  
4 9 0 ? + 0 6  
4 9 0 2 + 0 6  
.29OOtOO 
. 2 4 6 5 + 0 0  
2 9 0 0 + 0 0  '. 1 0 1 6 - 0 6  
I 1 6 4 0 - 0 4  
1640-04 
, 5 4 5 0 - 0 1  
.2048+00 
e 3 1 9 6 t O 3  
e 3 9 1 6 t 0 1  
e 3 9 1 6 t 0 1  
2224+06 
I 1 7 1 2 t O 6  
e 6 4 0 7 t 0 4  
. 3 4 2 0 + 0 5  
e 6 5 9 5 t O 4  
.9000-04 
5 1 6 8 - 0 4  
. 5 1 6 0 - 0 4  
, 4 3 0 4 - 0 2  
* 1 1 3 1 t o o  
e l 1 3 1 t O O  
1 7 8 O t O 8  
1 0 3 4 t O 7  
. 6 5 9 5 + 0 4  
. 2 4 1 8 t O 6  
1 3 4 9 + 0 5  
9 8 9 3 t 0 4  





TABLE VIII. - EFFECT OF HYBRIDIZATION ON COMPOSITE PROPERTIES 
[Dry;  temperature,  70' F. ]  
Property 
Elastic rnodul i : 
I GHC12 Shear moduli: 
GHC13 










































Intraply  hybrid 














TABLE IX. - ILLUSTRATION OF THERMAL DEGRADATION IN INTRAPLY HYBRIDS 
Intraply  hybrid com- 
posite property 
_ _ _ _ _ ~  ~~ 








































































TABLE X .  - ILLUSTRATION OF  HYGROTHERMAL  DEGRADATION I N  
INTRAPLY HYBRID (80/20  AS/E//S-G/E) 
I n t r a p l y  h y b r i d  com- 
p o s i t e  p r o p e r t y  
E l a s t i c  m o d u l i :  
EHCl 
EHC2 
Shear moduli :  
GHC12 
GHC23 


























1.0 Percent  



























1.0 Percent  













TABLE XI. - PLANNED  EXTENSION 
- PROGRAM AN0  DOCUMENTATION WILL BE MADE AVAILABLE TO  THE PUBLIC THROUGH 
COSMIC 
- EXTEND PROGRAM TO DETERMINE  IMPACT RESISTANCE, DEFECT  PROPAGATION, AND 
FATIGUE  RESISTANCE OF UNIDIRECTIONAL INTRAPLY HYBRIDS 
COUPLE  WITH  MULTILAYERED  FILAMENTARY  LAMINATE ANALYSIS  (MFCA) 
COUPLE INHYD WITH 
CODSTRAN - COMPOSITE DURABILITY STRUCTURAL ANALYSIS 
COBSTRAN - COMPOSITE  BLADE  STRUCTURAL ANALYSIS 
CISTRAN - COMPOSITE  IMPACT  STRUCTURAL ANALYSIS 




This appendix defines the symbols used in the computer  program  INHYD. Part I displays and 
defines the  property  symbols  as they appear in INHYD. Part I1 lists in alphabetical order  additional 
symbols that  are used to represent subscripts. In the  program  the  symbols  from  parts I and I1 are used 
together to  further define the property. 
INHYD. Property  Symbols 
Primary fiber properties: 
EFP 1 ,EFP2 
GFP12,GFP23 
NUFP12,NUFP23 





KFPl  ,KFP2,KFP3 
SFPT,SFPC 



























thermal  expansion coefficients 
density 
































Secondary fiber properties: 
EFS 1 ,EFS2 
GFS12,GFS23 
NUFS12,NUFS23 







































shear  moduli 
Poisson’s ratios 
thermal expansion coefficients 
density 





elastic  modulus 
shear  modulus 
Poisson’s  ratio 








shear  moduli 
Poisson’s  ratio 











































moisture expansion coefficients 
flexural moduli 
strengths 
fiber  volume ratio 
Primary matrix properties with moisture: 
TO reference temperature 
TEMP test temperature 
KMST moisture conductivity 
RHOMST moisture density 
T&DR dry glass transition  temperature 
MOIST% moisture content, percent 
CMST moisture heat capacity 
INHYD. Subscripts 
B bending 
C composite; compression 
F fiber; flexural 
H hybrid 
P primary 
S secondary; shear 
1 material axes  par lel to fiber direction 
2 material axes transverse to fiber direction 
3 material axes through thickness 
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